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157] ABSTRACT

An installation for steam cracking hydrocarbons com-
prises at least ome hydrocarbon cracking furnace, an
indirect quench heat exchanger for the effluents leaving
the furnace, direct quench means for said effluent, and
means (36, 38) for injecting erosive solid particles into
the i1nstallation for decoking purposes. The installation
also includes a cyclone (10) placed at the outlet from the

Jndirect quench heat exchanger to separate the solid

particles from the gaseous effluent, with the solid parti-

~ cle outlet (14) from said cyclone being connected to

storage tanks (20, 30) connected in series with 1solating
valves (16, 28, 34), a source (38) of gas under pressure
being provided to raise the pressure in one of the tanks
and to inject the solid particles into the installation.

21 Claims, 4 Drawing Sheets
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1

INSTALLATION FOR STEAM CRACKING
- HYDROCARBONS, WITH SOLID EROSIVE
PARTICLES BEING RECYCLED |
n

The invention relates to an installation for steam
cracking hydrocarbons, with solid erosive particles
being recycled.

Proposals have already been made to decoke an in-
stallation for steam cracking hydrocarbons by means of 10
sohd erosive particles of fine grain size, which particles
are injected into the feedstock of hydrocarbons to be
- cracked, with a centrifuging cyclone being used to
separate the particles from the gaseous effluent either
on leaving a cracking furnace or on leaving an indirect 15
quench heat exchanger itself placed at the outlet from
the cracking furnace. The level of the solid particles
recovered 1n this way 1s then raised so that the particles
can be reinjected upstream from the cracking zone by
means of an ejector producing a high-speed flow of gas. 20
It may therefore happen that the solid particles give rise
to relatively rapid and significant erosion of the recy-
cling means, requiring specially designed eguipment to

be used (having anti-abrasion coatings) which is expen-

sive and may nevertheless have a short lifetime. 25
- A particular object of the invention is to avoid this
drawback and to enable sohid particles to be recycled
using means of ordinary design or of long lifetime.

Another object of the invention is to make it easy to
regulate the flow rate of recycled solid particles 30
through the steam-cracking installation, thereby ensur-
ing high rehability of the decoking means with re5pect
to the integrity of the equipment.

Another object of the invention 1s to prevent traces of
liquid causing the sohd particles to stick together when 35
being separated or recycled. | |

To this end, the present invention provides a hydro-
carbon steam cracking installation comprising at least
one furnace for cracking hydrocarbons, an indirect
quench heat exchanger for the effluent leaving the fur- 40
nace, and direct quench means for the effluent, together
with means for injecting a low flow rate of solid parti-
cles into the furnace and means, such as a cyclone for
separating sohd particles from the gaseous steam-crack-
ing effluent, which means are placed between the indi- 45
rect quench heat exchanger and the direct quench
means, the installation being characterized in that it
includes a tank for storing solid particles, with the inlet
of the tank being connected to the solid outlet from the
cyclone and with the outlet of the tank being connected 50
to a particle injection duct for injecting particles into
the installation, isolation means such as valves for isolat-
ing the tank, and a source of gas under pressure con-
nected to the particle injection duct and to the tank by
means such as a valve for increasing the inside pressure 55
of the tank to a value that is not less than the pressure at
the point at which particles are injected into the fur-
nace.

The solid particles are thus injected discontinuously

into the furnace while it is in operation. The above-men- 60
- pipe 1s connected to the duct connecting the indirect

tioned tank serves to store the solid particles during the
non-decoking stages during which particles are not
injected. Thereafter, because the static pressure inside
the tank can be increased, the sohd particles are easily
raised to a sufficient pressure and recycled in the form 65
of a solid suspension in a dilute phase to the point where
they are injected into the steam-cracking installation -
and without it being necessary to use a very high speed

2

flow of vector gas. This greatly reduces the erosion of
the means for recycling the solid particles.

In addition, the source of gas under pressure provid-
ing the vector gas flow also serves to increase the pres-
sure inside the solid particle storage tank. Because of the
pressure equilibrium obtained in this way, excess pres-
sures that could compact the solid particles or that
could cause the particles to be ejected too suddenly
from the tank are avoided.

According to another characteristic of the invention,
the installation includes an intermediate tank connected
between the outlet from the cyclone and the inlet to the
first-mentioned tank, and isolation means such as valves
for isolating said intermediate tank.

This intermediate tank serves to store the solid parti-
cles leaving the cyclone while particles taken from the
first-mentioned tank are being 1n_|ected into the installa-
tion.

According to another characteristic of the invention,
the installation includes a bypass pipe connected as a -
bypass round the indirect quench heat exchanger be-

- tween the outlet from the cracking furnace and the .

above-mentioned cyclone for the purpose of taking off
a small fraction of the effluent flow leaving the furnace
and for drying the solid particles by direct contact with
said taken-off fraction, at a temperature corresponding
to substantially total absence of any liquid on the solid
particles.

The cracked gases leaving the indirect quench heat
exchanger are generally at a temperature lying 1n the
range 350° C. to 600° C., thereby limiting secondary
reactions while being sufficiently high to ensure that the

~ gases contain substantially no liquid. Nevertheless,

when the feedstock to be steam cracked is heavy (e.g.
heavy naphtha or gas oil) it may happen that these gases
contain a mist of very heavy hydrocarbons, or of tars,
or of “liquid” coke.

The invention makes it possible to vaponze or car-
bonize a major part of these liquid traces without hav-
ing recourse to conventional means consisting in burn-
ing these hquids in the presence of oxygen, which is
very difficult to achieve from the safety point of view,

For vaporizing or carbonizing the traces of liquid, as
the case may be, the temperature of the solid particles
leaving the indirect quench heat exchanger is increased

by an amount in the range about 30° C. to about 250° C.

'The steam-cracking installation can therefore be used
with relatively heavy feedstock that gives rise to traces
of condensed hydrocarbons at the outlet from the indi-
rect quench heat exchanger, without it being necessary
to impose too high a temperature on a permanent basis
at the outlet from said indirect quench heat exchanger

which would lead to energy losses during operation of

the installation. The bypass need only be put into opera-
tion during particle injection periods.

This simple method of drying the solid particles also
prevents them sticking together on being separated in
the cyclone or while being recycled via the above-men-

‘tioned tanks.

In a first embodiment of the invention, the bypass

quench heat exchanger to the cyclone, and upstream

~ from the cyclone (possibly directly at the outlet from
‘the quench heat exchanger). The fraction of the effluent

flow taken off at the outlet from the furnace is then
mixed with the effluent flow leaving the indirect

quench heat exchanger prior to the particles being sepa-

rated in the cyclone.
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In a vaniant, the bypass pipe is connected to the solid
outlet duct from the cyclone and leads to a secondary
cyclone at a high temperature which is sufficient to
ensure that traces of liquid present on the solid particles
are vaporized and/or carbonized.

In this case, the solid particles leaving the main cy-
clone are entrained by a small flow rate of gaseous
effluent, thereby preventing them sticking together
prior to being superheated by coming into contact with

the above-mentioned fraction taken from the flow of 10

gaseous effluent leaving the furnace. The secondary
cyclone may be much smaller in size than the main
cyclone and may operate at a higher temperature, thus
making it possible either to vaporize or to carbonize the
traces of liquid present on the solid particles.
These two variants may be combined.
Advantageously, the installation also includes pre-

15

quench means for quenching said fraction taken off

from the effluent flow, said means being provided in the
vicinity of the upstream end of said pipe and compris-
ing, for example, means for injecting dilution vapor
(where the term ‘“‘vapor” includes steam).

Pre-quenching may consist in cooling the effluent
leaving the furnace and taken off in the bypass by any
amount lying in the range 70° C. to 200° C. (by direct
contact with a gas). .

This avoids excessive cracking of the taken-off frac-
tion of gaseous effluent in the bypass pipe. |

According to yet another characteristic of the inven-
tion, relating to an installation comprising a plurality of
cracking furnaces with respective indirect quench heat
exchangers disposed in paraliel and connected to direct
quench means for the gaseous effluent, the outlets from
the indirect quench heat exchangers of the furnaces are
connected to common means for separating and recy-
cling solid particles, said common means comprising the
above-mentioned cyclones and tanks.

This reduces the cost of a steam-cracking installation
of the invention.

Advantageously, the outlets from the indirect quench
heat exchangers are connected to the common means
for separating and recycling solid particles by bypass
pipes which are provided with isolating valves and

which are connected to the ducts connecting said out-

lets to the direct quench means.

Preferably, the isolating valves of the bypass pipes
remain permanently in the open position. Under such
circumstances they do not provide a sealing function
and may be constituted for example, by simple non-
fluidught flaps.

An 1nstallation of this type prowdes several signifi-
cant advantages

the various steam-cracking furnaces may be decoked
sequentially without it being necessary to use large
diameter 1solating valves specifically designed to pass a
gas carrying erosive particles, which valves are ex-
tremely expensive;

the bypass pipes converging the gaseous effluents
carrying solid particles are never connected to the at-
mosphere nor are they connected to a source of gas
containing oxygen, and this constitutes an important
safety factor: |

the general rehability of the installation 1s greatly
increased since the above-mentioned isolating valves
remain in the open position and, in principle, they do
not move during normal operation of the installation,
unlike prior methods in which the decoking circuit is
totally isolated; and
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solid particles can be separated from the gaseous
effluent with extremely high efficiency and at low cost,
thereby avoiding any risk of polluting the direct quench
means Or the environment.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood and other
characteristics, details, and advantages thereof will ap-
pear more clearly on reading the following description

made by way of example and with reference to the

accompanying drawings, in which:
- FIG. 1 is a diagram of a portion of solid particle
recycling means of the invention in first state;

FI1G. 2 shows said means 1n another state;

FIG. 3 shows a steam-cracking installation of the
invention enabling solid particles to be dried;

FIG. 4 shows a variant embodiment of said instalia-
tion; and . -

FIG. § shows a steam-cracking installation of the
invention, of the type comprising a plurality of steam-
cracking furnaces disposed in parallel.

Reference i1s made nitially to FIGS. 1 and 2 which
show a portion of solid particle recycling means of the
invention by way of example.

These means comprise a cyclone 10 which is fed from

‘a heat heat exchanger performing indirect quenching on

the gaseous effluent leaving a hydrocarbon steam-
cracking furnace, with the top of the cyclone including

an outlet 12 for gaseous effluent leading to direct

quench means, and with the bottom of the cyclone
including an outlet 14 for the solid particles separated
inside the cyclone 10 from the gaseous effluent. The
outlet 14 is connected via an isolating valve 16 to the
top inlet 18 of a tank 20 containing means 22 such as a
screen for separating out and retaining large solid parti-
cles, and an orifice 24 for removing such particles.

The bottom portion of the tank 20 1n which the fine
solid particles collect 1s connected via a motor-driven
rotating member 26 of the rotary air lock type or of the
rotary screw type, and via an 1solating valve 28 to the
inlet of another tank 30 whose bottom outlet includes a
motor-driven rotary member 32 and an isolating valve
34 identical to the above-mentioned member 26 and
valve 28. |

Downstream from the valve 34, the outlet from the
tank 30 is connected to a duct 36 for recycling the sohd
particles into the steam-cracking installation. A source
38 of gas under pressure feeds the duct 36 with gas
flowing at medium speed or at a relatively low speed.

A three-port valve 40 serves to connect the tank 30
either to the source of gas under pressure 38, or else to
the gas outlet duct 12 from the cyclone. Stop valves 42
are provided in the ducts connecting the valve 40 re-
spectively to the source of gas under pressure 38 and to
the duct 12.

An independent tank 44 filled with solid particles of
determined mean grain size serves to inject a topping-up
quantity of solid particles into the recycling duct 36 via
a motor-driven rotary member 46 and an isolating valve
48. For this purpose, the top portion of the tank 44 is
connected to the output from said tank by a pressure-
equalizing duct 50.

The rotary member 46 serves to keep the flow rate of
topping-up particles regular.

The bottom of the tank 20 may be provided with a
purge duct 52 for drawing off a certain quantity of solid

- particles. A barrier gas inlet duct 53 opens out into the

top portion of the tank 20. The barrier gas is free from



S
heavy aromatics and it may be steam. It serves to pre-

vent the tank 20 and the screen 22 from coking.
These recycling means operate as follows:

Assume 1nitially that the valve 16 upstream from the

tank 20 1s open, that the outlet member 26 from this tank
1S not rotating, and that the isolating valve 28 is closed.
Under these conditions, the solid particles leaving the
cyclone 10 collect in the tank 20 after being filtered by
the screen 22 which serves to retain larger-sized parti-
cles. The barnier gas delivered by the duct 83 prevents
heavy aromatics entering the tank.

During this stage, the bottom tank 30 which has pre-
viously been filled with solid particles coming from the
top tank 20 1s progressively emptied of its solid particles
which are injected into the duct 36. To do this, the
isolating valve 34 downstream from this tank is open,
the rotary member 32 is caused to rotate, and the inside
volume of the tank 30 is connected to the source of gas
under pressure 38 via the valve 40, with the correspond-
ing stop valve 42 being open. The gas delivered by the
source 38 1s at a pressure that i1s at least equal to or is
slightly greater than the pressure at the point where the
solid particles are injected into the steam-cracking in-
stallation, which pressure 1s greater than the pressure in
the outlet duct 12 from the cyclone 10.

The pressure inside the tank 30 is therefore higher
than the pressure inside the upper tank 20 and 1t 1s in
equilibrium with the pressure in the recycling duct 36.
The source 38 delivers gas into said duct at a relatively
low speed lying in the range 5 meters per second (m/s)
to 25 m/s, e.g. 1n the range 10 m/s to 20 m/s, thereby
enabling the sohid particles to be transported in a dilute
suspensmn at least as far as the point where they are
injected into the steam-cracking installation. The low
speed of the carrier gas flow prevents significant ero-
sion of the recycling duct.

When the tank 30 is empty or substantially empty, the

rotary member 32 is no longer driven, the isolating

valve 34 is closed, and the tank 30 is connected to the
outlet duct 12 from the cyclone via the valve 40. The
tank 30 is then at the same pressure as the upper tank 20,
and the solid particles contained in the tank 20 can then
be transferred into the tank 30 merely by opening the
1solating valve 28 and driving the rotary member 26.

Thereafter, drive is removed from the rotary member
26, the isolating valve 28 is closed again, the tank 30 is
connected to the source of gas under pressure 38, drive
is applied to the rotary member 32, and the valve 34 is
opened, thereby injecting solid particles again into the
steam-cracking installation.

In a vanant, in order to transfer the particles from the
tank 20 into the tank 30, it is possible to equalize the
pressures in these two tanks at the pressure of the gas
source 38 rather than at the pressure of the cyclone 10,
this being done by isolating the tank 20 and then con-
necting it to the gas source 38.

Whenever necessary, the purge duct 52 1s used to
withdraw excess solid particles from the tank 20, which
excess is constituted by a mixture of abrasive particles
coming from the topping-up tank and particles of coke
detached from the inside walls of the steam cracking
installation. By purging the tank 20 regularly, accumus-

lation of medium-sized solid particles in the flow of

particles recycled through the installation 1s avoided,
and the concentration of coke in the particies 1s re-
duced. The topping-up tank 44 serves to add a desired
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The motor-driven rotary members interposed be-
tween the outputs of the tanks and their downstream
1solating valves serve to regulate the flow rate of sohd
particles leaving the tanks and to prevent the down-
stream valves becoming obstructed or clogged.

In a variant, as already descrnibed in the Applicants’
international patent application PCT/FR90/00272, the
tanks 20 and 30 could be disposed in parallel instead of
being in series.

Reference is now made to FIG. 3 which is a dlagram
showing means for drying the solid particles used for
decoking the installation.

The installation comprises a stcam-crackmg furnace
given an overall reference 84 and having its gaseous
effluent outlet connected to the inlet of an indirect
quench heat exchanger 56. The outlet from the heat
exchanger is connected to the inlet of the cyclone 10
whose gas outlet 12 is connected to means 58 for di-
rectly quenching the gaseous effluent and whose solid
outlet 14 is connected to the above-described means 20
and 30 for storing solid particles.

It may happen, particularly when the feedstock to be
cracked is relatively heavy, that the gaseous effluent
leaving the indirect quench heat exchanger 56 contains
traces of liquid such as condensed hydrocarbons. These
traces of liquid are deposited on the solid particles and
there 1s a nisk of the particles sticking together.

‘To avoid this drawback, the invention provides for a
bypass pipe 60 having its upstream end connected to the
outlet duct from the furnace 54 upstream from the di-
rect quench heat exchanger 56, and having its down-
stream end connected to the outlet duct from the direct
quench heat exchanger 56 upstream from the inlet to the
cyclone. This bypass pipe 60 includes a calibrated ori-
fice 62 for taking off only a small fraction of the gas
effluent flow leaving the furnace $4.

In order to prevent any excess cracking of the efflu-
ent in the pipe 60 which may be relatively long, indirect
quench means 64 are provided close to its upstream end,
e.g. means for injecting a certain quantity of diluting
steam. Thus, for example, the gas effluent leaving the
furnace 54 at a temperature of about 850° C. is cooled
down to about 700° C. in the pipe 60. The gas leaving
the indirect quench heat exchanger 56 may be at a tem-
perature of about 400° C., for example, and is therefore
reheated by coming into direct contact with the gaseous
effluent conveyed by the bypass pipe 60, e.g. to a tem-

- perature of about 480° C. This temperature increase

50

33

65

guantity of solid particles of desired grain size into the -

flow of recycled particles.

should be sufficient to vaporize any traces of liquid
present in the gaseous effluent flow entering the cy-
clone 10.

Naturally, it is only in periods during which the fur-
nace 54 is being decoked by means of solid erosive
particles that there is any point in taking off a small
fraction of the flow of gaseous effluent from the outlet
of the furnace 54. At other times, a stop valve 66 pro-
vided in the bypass pipe 60 serves to prevent the gas
being taken off. The pre-quench means 64 are also pro-
vided with an 1solating valve 68.

- FIG. 4 shows a vanant embodiment of the means for
drying the solid particles. In this variant, the bypass -
pipe 60 is connected to the particle outlet 14 from the
cyclone 10 and leads to the inlet of an auxilary cyclone
70 of considerably smaller dimensions than the above-
mentioned cyclone 10. The gas outlet 72 from the cy-
clone 70 is connected to the inlet of the direct quench
means 58 via an ejector 74 or similar means. The parti-
cle outlet from the auxiliary cyclone 70 leads to the
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above-mentioned storage tanks 20 and 30. This variant
operates as follows.

In periods during which the furnace 54 is being
decoked, a small fraction of the gaseous effluent flow
rate leaving the furnace 54 is taken off by the bypass
pipe 60 and 1s mixed with a small flow rate of gaseous
effluent leaving the main cyclone 10 together with the
solid particles, and the mixture is injected into the auxil-
1ary cyclone 70.

Even if the gaseous effluent flow leaving the indirect
quench heat exchanger §6 contains traces of condensed
hydrocarbons that are deposited on the solid particles,
these particles are entrained in the outlet duct 14 from
the cyclone 10 by the small gaseous effluent flow rate
and they do not agglomerate inside the cycione or in the
outlet duct 14. These solid particles are reheated by
direct contact with the gaseous effluent provided by the
bypass pipe 60 prior to being injected into the auxiliary
cyclone 70. The temperature in this cyclone is high
enough (e.g. in the range about 500° C. to about 730° C.)
for the traces of hquid carried by the solid particles to
be vaporized and/or carbonized.

The hot gases leaving the cyclone 70 are conveyed
via the ejector 74 to the direct quench means 58.

The valve 66 in FIGS. 3 and 4 must be designed to
operate at high temperature and to withstand the ero-
sive particles that pass through it. This type of valve is
expensive. It may be omitted by connecting a barrier
gas feed duct 75 to the pipe 60 upstream from the cali-
brated orifices 62. The relatively cold barrier gas pre-

vents effluent at the outlet from the furnace being taken

off except during decoking periods. Such a barrier gas
may be taken from the outlet 12 of the cyclone 10 and
recompressed, e.g. by means of an ejector, as shown in
the drawing.

The barrier gas may also serve to pre-quench the
taken-off gaseous effluent during decoking periods.
Under such conditions, the means 64, 68 may be omit-
ted.

8

This installation may be used as follows:
When one of the cracking furnaces is to be decoked,
e.g. the furnace §4,, the iso]ating valve 84 1n its duct 76

1s closed and the valve 82 in the corresponding bypass

pipe 80 is opened. Solid particles are injected into the
furnace 54, by opening the corresponding stop valve 78.
The valves 84 in the ducts 76 of the other furnaces are

- open, and the valves 82 of the bypass pipes 80 of the

10
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Finally, as shown in FIG. 4, the embodiments of 40

FIGS. 3 and 4 may be combined.

Reference is now made to FIG. § which is a diagram
of a steam-cracking installation of the invention com-
prising a plurality of cracking furnaces disposed in par-
allel.

These cracking furnaces designated by references
54, 84,, . . ., 54, are associated with respective indirect
quench heat exchan gers 561, 563, . . ., 56,, whose outlets
are connected by ducts 76 to the means 58 for dlrect
quenching of the gaseous eftfluent. |

This installation is of the type in which the cracking

furnaces are decoked sequentially, and it includes solid

particle injecting ducts 36 connecting the above-men-
tioned storage means 20, 30 to the particle injection
points of the furnaces §4, with each of these ducts 36
including a small-sized stop valve 78 immediately up-
stream from the injection point into each furnace 54.
The outlets from the indirect quench heat exchangers
56 are also connected via bypass pipes 80 including
1solating valves 82 to common solid particle separation
means including at least one cyclone 10 of the above-
mentioned type. The solid outlet 14 from the cyclone is
connected to the above-mentioned storage means 20, 30
and the gas outlet 12 from the cyclone is connected with
the ducts 76 to the inlet of the direct quench means 58.
In addition, the ducts 76 include isolating valves 84
provided downstream from the connections to the by-
pass pipes 80.

45
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other furnaces are closed, such that the flow of gaseous
effluent and solid particles leaving the furnace 54,
passes through the cyclone 10 while the flows of gase-
ous effluent leaving the other furnaces pass directly to
the direct quench means 58. Once furnace 54, has been
decoked, the corresponding valve 78 i1s closed, the
valve 84 associated with this furnace is opened and the
valve 82 associated therewith is closed, then the opera-
tions described above for decoking the furnace 541 are
repeated for the furnace 54;.

As a result, the valves 82 in the bypass plpes 80 are
operated relatively frequently. In addition, these valves
are extremely expensive since they are designed to pass
large flows of gas conveying erosive particles.

It 1s therefore preferable to operate the installation as
follows: |

All of the valves 82 are left open permanently. When
1t is desired to decoke one of the furnaces, e.g. the fur-
nace 544, the associated valve 84 is closed and erosive
sohd particles are injected into the furnace by opening
the corresponding valve 78. The valves 84 associated
with the other furnaces are open, as are the valves 82 in
the corresponding bypass pipes. As a result, the total
gaseous effluent flow conveying erosive solid particles

and leaving the furnace 56, is delivered to the cyclone

10 together with a fraction of the gaseous flows that are
not conveying solid particles coming from the other
furnaces 56, . . ., §6,. The remaining fractions of the
gaseous effluent flows leaving these other furnaces are
conveyed directly to the direct quench means 58. Solid
particle separation in the cyclone 10 is excellent and is
little affected by the gaseous effluent that is conveying
the solid particles being diluted by the gaseous effluent
that 1s not conveying solid particles.

Naturally, the cyclone must be dimensioned suitably
to be able to accept such a higher flow of gaseous efflu-
ent. However, this over-dimensioning is more than
compensated by the fact that the valves 82 remain per-
manently in the open position. As a result, it is possible
to use valves that are much cheaper than in the preced-
ing case, e.g. non-fluidtight means such as flaps, and
serving to control the flows of gaseous effluent that pass
along the pipes 80 during decoking periods and outside
decoking periods.

It may also be observed, in this case, that all of the
bypass pipes 80 convey a flow of gaseous effluent on a
permanent basis. They therefore remain at constant
temperature, thereby avoiding cooling, cold points,
particle sticking, etc. In addition, these bypass pipes 80
are never connected to the atmosphere or to a source of
gas containing oxygen, and this constitutes a significant
safety factor.

In order to enable the cyclone 10 to accept a large gas
flow and then direct it to the direct quench means 58, it
1s advantageous to keep the cyclone 10 at a pressure
lower than the pressure of the gaseous effluent at the
outlet from the indirect quench heat exchangers 56. To
do this, 1t 1s possible to use an ejector 86 as shown dia-
grammatically in FIG. 5, or means for putting the cy-
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clone into communication with a network at lower
‘pressure, or by any other suitable analogous means.
The invention 1s also applicable to sequentially

decoking different passes through a single furnace lead-

Ing to indirect quench heat exchangers whose outlets
are connected by bypasses to common means for sepa-
rating and recycling solid partlcles

I claim:

1. A hydrocarbon steam cracking installation com-
prising at least one furnace for cracking hydrocarbons,
an indirect quench heat exchanger connected to said
furnace for receiving effluent leaving the furnace, direct
quench means, an effluent duct connecting said indirect
quench heat exchanger to said direct quench means, a
particle injection duct cooperating with said at least one
furnace for injecting solid particles into said furnace, a
separator connected between said indirect quench heat

exchanger and said direct quench means for separating

solid particles from the gaseous effluent passing from
said indirect quench heat exchanger to said direct
quench means, said separator including a solids outlet
for discharge of solid particles collected by the separa-
tor, a tank for storing solid particles, said tank having an
inlet connected to said solids outlet of said separator and
having an outlet connected to said particle injection
duct whereby solid particles may be introduced into
said duct, a source of gas under pressure connected to
said particle injection duct, and a conduit also connect-
ing said source of gas under pressure to said tank for
increasing the inside pressure of said tank to a value that
is not less than the pressure in said particle injection
duct. |

10

connecting said first-mentioned separator to said direct
quench means.
9. An installation according to claim § further com-

~ prising pre-quench means cooperating with said bypass

10
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2. An installation according to claim 1, further com-

prising an intermediate tank connected between the
outlet from said separator and the inlet to said first
mentioned tank, and isolation means connected to an
outlet of said first mentioned tank for isolating said
intermediate tank from said first mentioned tank.

3. An installation according to claim 2, wherein said
intermediate tank further comprises means for retaining
solid particles greater than a predetermined size.

4. An installation according to claim 3, including
means for injecting a barrier gas free from heavy aro-
matics into said intermediate tank.

5. An installation according to claim 1, further com-
prising bypass pipe having one end connected between
the outlet from said furnace and said separator to take
off a fraction of the effluent flow leaving said furnace
for drying solid particles by direct contact with said
taken-off fraction.

6. An installation according to claim §, wherein the
opposite end of said bypass pipe is connected between
said indirect quench heat exchanger and said separator
so that the taken-off fraction of the effluent flow leaving
said furnace bypasses said indirect quench heat ex-
changer. |

7. An installation according to claim 5, further com-
prising a secondary separator, and wherein the opposite
end of said bypass pipe is connected to the solids outlet
duct from said separator and leads to said secondary
separator, the secondary separator thus receiving the
high temperature taken-off fraction of the effluent flow
Jeaving said furnace to ensure that traces of liquid pres-
ent on the solid particles are vaporized and/or carbon-
1zed.

8. An installation according to claim 7 including an
ejector, and a duct connectmg ‘the gas outlet of said
secondary separator via said ejector tothe effluent duct
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pipe for quenching said fraction taken off from the
effluent flow.

10. An installation according to claim § further com-
prising a feed duct for feeding a relatively cold barrner
gas to said bypass pipe to oppose gaseous effluent being
taken off from the outlet of the furnace by said bypass
pipe other than during decoking periods, and/or to
pre-quench said effluent during decoking periods.

11. An installation according to claim 1 further com-
prising a plurality of said furnaces, each with an associ-
ated indirect quench heat exchanger, said furnaces and
their associated indirect quench heat exchangers being
disposed in parallel and connected to said direct quench
means, and the outlets from each indirect quench heat

‘exchanger being commonly connected to said separator

and to said tank.

12. An installation according to claim 11 wherein the
outlets from the indirect quench heat exchangers are
commonly connected to said separator by respective
bypass pipes, each provided with an isolating valve.

13. An installation according to claim 12 wherein said
isolating valves are permanently in the open position.

14. An installation according to claim 11 wherein the
gas outlet from the separator is connected to said direct
quench means via an ejector for ensuring that the pres-
sure in the separator is lower than the pressure of the
effluent at the outlets from the indirect quench heat
exchangers.

15. A hydrocarbon steam cracking installation com-
prising a plurality of furnaces disposed in parallel for
cracking hydrocarbons introduced therein, an indirect
quench heat exchanger connected to each respective
furnace for cooling gaseous effluent leaving the furnace,
direct quench means, respective effluent ducts connect-

ing each of said indirect quench heat exchangers to said

direct quench means, a particle injection duct cooperat-
ing with each said furnace for injecting solid particles
into the respective furnaces, and common means for
separating the solid particles from the effluents and for

recycling the particles into said furnaces, said common

means for separating and recycling comprising at least
one cyclone separator, said separator including a sohds

outlet for discharge of solid particles collected by the

separator, a tank for storing solid particles, said tank
having an inlet connected to said solids outlet of said
cyclone separator and having an outlet connected to
said particle injection duct whereby solid particles may
be introduced into said duct, a source of gas under
pressure connected to said particle injection duct, and a
conduit also connecting said source of gas under pres-
sure to said tank for increasing the inside pressure of

- said tank to a value that is not less than the pressure in

65

said particle injection duct, each furnace having a solid
particles injection valve associated with said particle
injection duct for individually controlling the flow of

solid particies into the furnace, each furnace also having

an isolating valve provided in the respective effluent

‘duct connecting the indirect quench heat exchanger to

said direct quench means, and each furnace also having
a second duct connected to said effluent duct upstream
from said isolating valve and connected to the common

‘separation and recycle means, the 1solating valve of a
furnace being closed when the corresponding injection

valve for that furnace is opened in order to direct the
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mixture of gaseous effluents and solid particles to said
common separation and recycle means.

16. An installation according to claim 15 further com-
prising a second isolating valve provided in each said
second duct, said second isolating valve being perma-
nently in the open position in order to direct a fraction
of gaseous effluents towards said cyclone separator.

17. An nstallation according to claim 15 wherein said
common means for separating and recycling the solid
particles further comprises a gas effluent outlet is con-
nected to said direct quench means via an ejector for
ensuring that the pressure in the separator is lower than

3

10

the pressure of the effluent at the outlets from the indi-

rect guench heat exchangers.

18. An installation according to claim 15, wherein
said common means for separating and recycling fur-
ther comprises an intermediate tank connected between
the outlet from said cyclone separator and the inlet to
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said first mentioned tank, and isolation means for isolat-
ing said intermediate tank from said first mentioned
tank.

19. An installation according to claim 18, wherein
said intermediate tank further comprises means for re-
taining solid particles greater than a predetermined size.

20. An installation according to claim 19, further
comprising means for injecting a barrier gas free from
heavy aromatics into said intermediate tank. |

21. An installation according to claim 15, furthe
comprising control means cooperating with the particle
injection valves for the respective furnaces for opening
a particle injection valve in one furnace while closing
the particle injection valves of the other furnaces so that
particles can be sequentially injected into the respective

furnaces.
% ¥ & % %
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